This paper demonstrates that the structure of ocean container freight rates has become more complex. A growing number of surcharges are being imposed by the carriers on their customers, surcharges that are not only adding significant extra costs but are highly variable over time. These elements are examined based on a data set on export rates from ports on the Northern European Range that have been compiled from a major global carrier. The paper compares the surcharges to the base rates and discusses some of the implications for shippers who face increasing uncertainty in planning supply chains. Some of the issues for academic research on freight rates is also examined and points to the need to clearly identify what is included in the freight rate data employed. In addition, questions are raised concerning the suitability of many of the variables traditionally used to explain or predict freight rates.
considerably, reflecting in part the decline in global trade and but also the growth in container shipping capacity (Slack 2010) . In a companion paper (Gouvernal and Slack 2011 ) the trajectory of ocean freights rates between 2007 and 2009 are examined revealing significant regional differences in the degree of variation in the rates.
Not only have the regional pattern of freight rates become more diverse, but their structure has become more complex over the years. The shipping lines provide customers with quotations for base rates. In some markets, such as East Asia, the base rate may actually include some surcharges, such as the Terminal Handling Costs (THC), the Bunker Adjustment Factor (BAF) and the Currency Adjustment factor (CAF) as part of an "all-in" rate. In the case of North America the "all-in" rate includes land transport costs to the final destination under carrier haulage terms. In other markets these costs are charged separately from base rates. Increasingly, however, other surcharges are being added, whose scope, magnitude and temporal validity are highly differentiated, and whose numbers are increasing. The total freight rate charged to the customer, therefore, is now much higher than the simple base rate. The scale of surcharges is indicated in Figure 1 . As will be explained later, there are markets where the surcharges account for more than 100%
and indicate that base rates were in fact negative. The surcharges are determined by a wide range of factors, some specific to the ports of loading or discharge, others to general economic factors beyond the control of the shipping lines or the customer
Insert Figure 1 about here
The objective of this paper is to analyse liner shipping freight rates, and in particular, the role of surcharges. In this regard it is much broader than a number of recent papers that have focused on the BAF rate alone (Wang et al (2010) ; Notteboom and Verniminen (2009) ; Notteboom and Cariou (2009); and Cariou and Wolff (2006) . It is demonstrated here that the surcharges bear little relation to the basic ocean shipping rates themselves, and are subject to increasingly frequent adjustments. This instability and the differential application of surcharges are adding a new dimension to the economics and geography of ocean shipping.
Container freight rates
Container rates are quoted as the price per box. The rate employed in container shipments, Freight All Kinds (FAK), is not theoretically a function of what is in the container, so that in container shipping tarification is not related to the product being transported, as in some other trades. Such FAK 5 tariffs hide a complex reality: the rates vary by customer even for the same destination, frequently determined by the importance of the customer to the shipping line and the total volumes being shipped for this destination. This reality makes it extremely difficult to generalize with any degree of precision about how rates are structured spatially.
One of the widely available freight rate sources is published annually by Containerisation International which provides rates every quarter for the major trade lanes (see Fig 2) and reveals the variability of rates over time.
However, the rates are based on averages, thus hiding the significant variations between customers and different destinations on the same trade route, and some rates include some surcharges, others do not.
Insert Figure 2 about here
Within the shipping lines, their agents who sell space on ships use a tariff grid for each port of call that is differentiated according to the type of container, 20ft, 40ft, refrigerated etc. These grids were used during the period when the conferences were in force, since the rates were supposed to be charged according to agreements among conference members. Despite the disappearance of the conferences in October 2008, these grids have remained in place, with each carrier establishing its own rate structure.
These grids represent a sort of reference point. However, there has always been a great deal of latitude in dealing with large-volume customers, for whom a separate grid is set. These major accounts are typically shippers, made up of major industrial enterprises, major importers, exporters, distributors, and freight forwarders. The special grids differ for each of these clients, because their freight-slot purchases are different. The rates offered to the forwarders are revised usually every quarter, which allows the carriers to adjust the rates in response to market conditions. In fact the rates may be adjusted during the contract period, but only in cases where the rates are lowered. For the company whose rates we employ increases are incorporated in the new tariff grid established every three months, from January to March, from April to June, from July to September, and from October to December. Within the rate grids for forwarders there are various classes, based on volumes, with the very largest forwarders being allocated personalised special rates. For the shippers, however, rates are fixed for twelve month periods, typically. Terms of volume commitment exist only in American contracts, but penalties are not imposed for lower performance. It is only when the US contracts come up for renewal that volume discounts may be adjusted lower where previous performance levels were not met.
Data sources for this study
We focus on export rates from ports on the European Northern Range. The freight rates employed in this study were provided by one large container shipping line. The rates used are those charged to some of the largest forwarders. We were fortunate to work with a commercial agent of the shipping line who deals directly with these clients, and who conducts negotiations on a daily basis with these firms. The agent has an excellent knowledge of market conditions. While the rates accorded to these major customers may be lower by 10-25% than the grid of rates charged to other customers, the size of the forwarders and their importance in European trades means that they account for a very large percentage of traffic carried by the carrier. In addition, the fact we are dealing with the same type of client ensures that variations in rates are not due to the quality of the client.
It ensures a high degree of consistency in the rates between the reporting periods. The rates were collected for the month of June. Because rates vary 8 throughout the year it was decided to select the rates for one month. June was chosen for the reason that it is considered to represent a period exhibiting an average volume of traffic, in between the slow period of the early spring, and before the traffic peaks of the fall. An advantage of using rates directly from a carrier is that it is possible to breakdown the freight rates, the surcharges and the THC that for example are sometimes grouped together in the CI data. The only destinations where this breakdown is not possible are those in North America, since the quotations are "all in" rates, which for a long time have been based on carrier haulage and include land transport rates from the ports of entry to the locations of the customer.
Although we obtained rates for both imports and exports, in this paper we focus on the exports because we have a complete set of surcharges.
Data on 35 port destinations from Northern Europe range were obtained.
The rates and surcharges are quoted in US dollars or euros depending on the destination. In order to ensure consistency we converted the US dollar rates into euros, based on the exchange rate for June 2009.
In the following statistical analyses we employed data for all 35 ports. To facilitate regional comparisons in graphs we grouped ports into 14 market areas, and with one exception, taking the value of the port with the highest rate quoted. The only exception is China, where we excluded the inland port of Wuhan that consistently had the highest rates because it is served by second party feeder. In 12 of the markets there was no difference in rates between ports, the exceptions were the Middle East and the Eastern Mediterranean.
Base rates
Export rates from Northern Range ports for a 40 foot box to different markets vary considerably (see Figure 3 ). The graph reveals the remarkable case of negative rates for certain ports. This is because the rates quoted for these destinations, which were positive, included the THC, BAF and CAF surcharges, which we removed to ensure comparability across the data set.
Insert 
5The surcharges
The carriers are applying a growing list of surcharges. Some have been in effect for many years, others are being introduced as new costs are being encountered which are then passed on directly to the customer. Here we examine their features and the amounts of additional charges they represent.
Terminal Handling Costs (THC)
This type of surcharge had been imposed by the conferences to reflect part of the container handling costs in the port terminals (Gouvernal 1997) .
Because the handling charges are fixed under the terms of contracts between each shipping line and the terminal operators, the surcharge was not prone to temporal fluctuations. However, under the conferences differences between ports and even for different destinations in the same port were recognized . For example, up until September 2008, the THC per forty foot container (FEU) for Le Havre was €123.33, and for Antwerp €111.33 for the same conference carrier. Two sets of THC are charged, one for the port of loading, the other for the port of discharge. The data set used in this study includes only the THC for the ports of loading.
The policy makers who framed the EU legislation removing the anti-trust exemption from the conferences believed that surcharges and rates would be reduced (Benini and Bermin 2006) . As far as surcharges, such as THCs, are concerned this has not happened. The October 2008 THC rate for Le Havre, rose immediately to €160 per FEU. One mitigating factor was that the carriers now included the ISPS surcharge, levied separately under the conference regime, into the new THC at Le Havre. However, as the previous ISPS surcharge was €9.50 per FEU, the new THC represented a significant increase in the rate charged to customers. In the case of Antwerp the THC rose to €155 but the ISPS surcharge of €9 remained in place. 
Bunker Adjustment Factor (BAF)
BAF charges were introduced by the conferences in 1974 as a result of the oil shock. It was argued that wild swings in bunker rates could not be accounted for in base freight rates. Thus a system of surcharges was introduced to cover the costs of bunker when the price rose above a certain level. The BAF was calculated upon independent indices published in the Marine Oil Bunker Market Report and by Cockett Marine Oil Ltd (Cariou and Wolff 2006) . Over the years its calculation changed from one based as a percentage of the index, calculated on a 90 day average and valid for at least three months, to a lump sum, based on a monthly calculation.
There has been research into the actual link between bunker prices and the BAF. Cariou and Wolff (2006) found a statistical relation between the trend in the average bunker price and the BAF, but that the BAF over-reacts to upward and downward movements in the bunker prices. A report for the European Shippers Council ( Meyrick 2008 ) and an academic study by Notteboom and Cariou (2010) reveal that there are important divergences between the bunker price and the BAF, and that the discrepancies vary significantly between some trade lanes. Thus, high differences between the BAF and bunker prices were noted for Africa, Latin and South America and North America, while the differences were less pronounced for the Far East and Oceania (Notteboom and Cariou 2010 where the competition is greater.
In this paper we focus on two aspects of the BAF: the regional differences in the surcharge, and its degree of temporal volatility.
Regional differences
If the BAF is assumed to be imposed to recover the extra costs of fuel, it could be presumed that longer services require more fuel than short haul 
Temporal variability
Bunker prices have risen significantly since January 2005, peaking in January 2008. As a result the carriers increased their BAF rates. The evidence compiled by Notteboom and Cariou (2010) suggest that the increases have been larger than the growth of bunker prices. The suggestion is that the carriers have been using BAF rates to generate more income.
In addition, there has been greater frequency of adjustments. Whereas before BAF rates changed every couple of months, over the last three years the fluctuations have become more frequent, with monthly fixings being the rule rather than the exception, even in the most recent period when average bunker prices have become less volatile. We have compiled the BAF rates for a larger set of markets for which we have freight rate data for the period April 2009 to December 2009. They reveal a general increase in rates that peaked in October, but that no two months had the same BAF rates (see Figure 5 ).
Insert Figure 5 about here
The degree of change was most pronounced in the markets with the highest initial BAF rates (see Figure 6 ). Thus French Guyana and WCSA experienced the greatest increases, while the Baltic and North America revealed the least proportional change. ECSA and Australia had very similar profiles and almost identical surcharges. No explanations have been found to account for the regional and temporal differences, which again suggest a degree of arbitrariness in their determination and conception.
Insert Figure 6 about here
Currency Adjustment Factor (CAF)
Freight rates from Europe are quoted in a particular currency. For some markets the quotations are in euros in others in US dollars. The US dollar rates apply to destinations in the Eastern Mediterranean, the Middle East, South Asia, the Far East, Mexico, Australasia, North America, and East Africa. Over the last three years the value of the euros compared to the US dollar has fluctuated considerably, with the dollar falling below the original rate set when the euro was introduced in 2002 This variability has meant that the carriers have seen their receipts for containers charged in US dollar rates decline or vary from day to day. In order to compensate, a CAF charge is levied. For the period April -December 2009 the CAF increased every month, from an addition to the base rate of 6.66% in April, to 12.72% in December. These monthly adjustments represented a differential rate despite the consistent level of CAF because the monthly base rates to which they were applied differed according to the market. For example the June CAF of 7.87% represented an additional charge per container of 22 for Saudi Arabia or the Arab Emirates, but €128 per container for East Africa.
Other surcharges
The THC, BAF and CAF rates apply very generally throughout the global shipping system. Over the years additional surcharges have been introduced to account for specific costs the carriers pass on to customers. In many cases these additional surcharges apply to one port only, but others are levied on several markets. There is also a wide spread variation in the size of the surcharge. However, the tendency is for these additional surcharges to proliferate in type and application, and a dozen or so are routinely identified in every month's summary grid of costs.
An overview of these surcharges with examples of their application is provided in Table 1 .
Insert Table 1 about here In common with the other surcharges, it is evident that these additional surcharges vary considerably in amount, spatial coverage and duration. 
Total freight charges
The full rates paid by customers in 2009 bear no relation to the base rates discussed above. These full rates are calculated from the base rates plus the surcharges added by the carrier to its customers (see Figure 7 ).
Insert Figure 7 about here
The results indicate that surcharges account for more than 50% of the total freight charged to customers in 9 of the 14 markets(see. figure 1 ). It is no surprise that the surcharges represent the major part of rates for East Asia in 2009, since the theoretical base rates were negative. In only three markets do surcharges account for less than one third the total rates: Eastern Mediterranean (28%), Australia (31%) and Mexico (32%). These three markets are at the opposite extremes of the geographical spectrum and are quite distinct in character.
Analysis and Discussion
A number of broad issues arise out of the above examination of surcharges.
First, the scale of the surcharges is considerable, representing in most markets a very significant addition to base rates. It could be argued that 2009
is an atypical year, one in which the world economic crisis was deepest and that ocean freight rates fell proportionately to surcharges because of the lack of traffic volumes. We suggest that this was not entirely the case. different markets is as much as 300%. Other surcharges are market or portspecific, such as congestion or peak season. As a result surcharges must be considered in a disaggregate fashion, on a case by case basis rather than generally. This observation implies also that because surcharges represent a significant share of the total charges being billed customers, trying to explain freight rates using most of the macro economic variables used in many studies such as OECD (2008) are unlikely to be successful.
Third, the surcharges introduce a great deal of temporal uncertainty in container shipping. Customers may have obtained a fixed set of base rates for periods between three months and one year, but every month they are presented with a range of not inconsequential surcharges. During the period under study only the THC rate remained unchanged. The other increases were not uniform across all markets, for example the proportional change in the BAF rate in 2009 varied from 35% to 70% (see Table 6 ), a greater price differential than between the main bunkering ports. This temporal volatility in surcharges places a great deal of pressure on shippers, since they are unable to plan their supply chain costs for periods ahead longer than one month for FOB contracts.
Fourth, the suspicions that surcharges represent a revenue grab by the carriers and are not justified by actual conditions. Shippers and their trade organizations, especially the shippers" councils, have been vociferous in opposing surcharges. The BAF, in particular has drawn fire. The shippers argue that the BAF is a disguised rate increase that does not truly reflect actual fuel cost increases, especially now that the carriers are deploying ever larger and more fuel efficient ships. The European Shippers Council commissioned a study by an Australian consulting company to investigate whether the BAF rate increases being levied by the conferences matched the actual increases in bunker fuel prices. The study (Meyrick 2008 Here, we cannot confirm or deny these claims with any degree of precision.
However, there are a number of elements suggesting that surcharges may be covering more than actual increases in the particular costs to the shipping lines. For example, the BAF increases in 2009 varied by a wide margin for different markets. As indicated, some of this differentiation is accounted for by the deployment of larger ships on the services with lower percentage increases, but that factor cannot account for it all. In addition, it is noteworthy that the total surcharges for Far East markets accounted for a much higher proportion of export base costs than elsewhere, the very market where import rates fell the most during the economic crisis and where the import base rates were negative in theory.
We have already suggested that distance is not a good indicator of base rates and BAF. We developed several measures to test the relationship of these No significant relationships are revealed for two of the variables when correlated with total rates (see Table 1 ). For example, distance, which in the Wilsmeier and Hoffman (2008) study is correlated highly with freight rates, here produces a statistically insignificant and inverse coefficient of -.19. One of the surrogates for market size, q2 imports is similarly statistically insignificant. The other measure of market, TEU traffic for the year, produces a statistically significant negative correlation with rates, indicating that rates, as suggested by economic theory, are responsive to some degree to market size. The variable producing the highest association with rates is that of the size of the largest vessel serving the different markets. Given the imperfect nature of the surrogates, care must be taken in interpreting these results (see Table 2 .
Insert Table 2 about here The academic literature (Stopford 2009 ) suggests that freight rates are fixed by the market and that they should theoretically at least reflect in part the costs borne by the carriers. In reality rate determination is more complicated.
The shipping companies are concerned with managing their service networks and calculate the cost per slot as a basis upon which to determine whether it should enter a particular service. Calculating the slot cost enables the carriers to determine the commercial viability of a service in a given market situation. The slot cost will reflect the size of vessel the company has at its disposal, the speed and voyage times involved, and the time spent in the ports of call. In this way the rotation time of each string can be estimated, the port costs assessed, and any canal charges determined. This permits a total slot cost for each service to be calculated.
Possessing this indicator, the company can determine what will be the returns for each container, based on the difference between the box cost and the freight rate. Thus for the carriers the slot cost is an essential tool for the management of shipping services.
Empirical research has demonstrated the significant differences between slot costs based on vessel size. Gouvernal (1997) revealed that the slot cost for a service Europe-West Africa was $2,178, a service that employed 1500TEU vessels, compared with $1,883 for a Europe -East Asia service using 3,500 TEU ships, despite the significantly longer voyage time for the latter. More recently, Stopford (2009) has calculated that the slot cost for a round trip of 14,000 miles could vary between $648 and $360, depending on the size of the ship (1,200 TEUs or 11,000 TEUs). Comparable differences were obtained by Notteboom (2004) and Cullinane and Khanna (2000) .
The differences based on scale economies reveals important differences in 
